Se reporta fotometría uvby − β para las estrellas tipo RR Lyrae AE, RS, ST, TV, TW, UU, y XX en Bootes. Se calculan los parámetros físicos M/M ⊙ , log(L/L ⊙ ), M V , log T eff y [Fe/H] a partir de la descomposición de Fourier de las curvas de luz y de calibraciones empíricas desarrolladas para este tipo de estrellas, y se discute la confiabilidad de estos valores. Los valores de [Fe/H] obtenidos se comparan con aquellos calculados a partir delíndice ∆S para algunas estrellas de la muestra. Se encontró que el enrojecimiento de la zona es despreciable, comparándolo con el mostrado por diversos objetos en la misma región del cielo. Por tanto, se calcularon las distancias a estos objetos. La variación, a lo largo del ciclo de pulsación, de losíndices fotométricos desenrojecidos (b − y) o y c 1 permite la comparación con mallas teóricas y por lo tanto la estimación independiente de log T eff y log g.
INTRODUCTION
It is known that the Horizontal Branch (HB) morphology in globular clusters of similar metallicities varies and the identification of a parameter, other than metallicity, responsible for this has originated much discussion in the astronomical literature. Recent findings that more massive clusters tend to have HBs extended further into higher temperatures led Recio-Blanco et al. (2006) to suggest the cluster's RR Lyrae stars are outstanding stars in the HB whose absolute magnitudes and iron abundances have been carefully calibrated Layden 1994) and therefore play an important role in studies of the structure of the Galaxy. The estimation of individual physical parameters of RR Lyrae stars in globular clusters provides relevant insights not only into the distance and iron abundances of their parent clusters (e.g. Arellano Ferro et al. 2008a; 2008b) , but also imposes constraints on the structure of the HB and on the stellar evolution in this phase (see e.g. Zinn, 1993; van den Bergh 1993; Zinn 1996) .
Determination of the physical parameters in RR Lyrae stars can be attained from the analysis of data obtained from fundamental techniques in astronomy such as photometry or spectroscopy. High dispersion spectroscopy produces accurate estimates for some of the atmospheric physical parameters, i.e., temperature, surface gravity and metallicity, that have been used to calibrate low resolution methods such as the ∆S method (Preston 1959) . However this approach is limited mostly to brighter objects since the extended telescope time required to study fainter objects is very competitive and hence scarce. However, isolated examples of accurate spectroscopy of objects around V ∼ 16 − 17 mag do exist (e.g. James et al. 2004 , Gratton et al. 2005 , Yong et al. 2005 , Cohen et al. 2005 .
Alternative approaches to physical parameter estimations are theoretical and semi-empirical calibrations of photometric indices, such as the synthetic color grids from atmospheric models (e.g. Lester, Gray & Kurucz 1986) or, for RR Lyrae stars, the decomposition of light curves in Fourier harmonics and the calibration of the Fourier parameters in terms of key physical parameters (e.g. Simon & Clement 1993; Kovács 1998; , Morgan et al. 2007 ). Kovács and his collaborators, in an extensive series of papers (e.g. , 1997 Kovács & Walker, 2001) , have developed purely empirical relations from the Fourier analysis of the light curves. The basic stellar parameters are based on the assumption that the period and the shape of the light curve are directly correlated with the physical parameters (or quantities related to them) such as the iron abundance [Fe/H] , absolute magnitude M V and effective temperature T eff .
In this paper we shall use the Strömgren photometry of seven RR Lyrae stars in Bootes to estimate their physical parameters. Furthermore, since we have obtained simultaneous uvby − β photoelectric photometry, the precise variation of the stellar brightness and colors along the cycle of pulsation for each star can also be used to provide rigid constraints on the physical parameters.
2. OBSERVATIONAL MATERIAL AND REDUCTIONS Some of the stars included in the present work were part of the observing program in previous studies as secondary targets (Lampens et al. 1990 and Peña 2003) . Other seasons were devoted entirely to some of these RR Lyrae stars. The log of the various seasons is given in Table 1 . The observations were obtained with the 1.5 m telescope at the Observatorio Astronómico Nacional of San Pedro Mártir, Mexico. The telescope was equipped with a six channel spectrophotometer described in detail by Schuster & Nissen (1988) . All the data reductions were performed using the NABAHOT package (Arellano Ferro & Parrao 1989) .
In those seasons in which the present RR Lyrae stars were supplementary objects, fewer data points were obtained each night. The accumulated time span including all the seasons, however, was large enough to cover the whole cycle of all the stars in our sample. In each season the same observing routine was employed: a multiple series of integrations was carried out, often five 10 s integrations of the star, to the average of which a one 10 s integration of the sky was subtracted. A series of standard stars taken from the Perry, Olsen & Crawford (1987) and Olsen(1983) was also observed with the same procedure on each night to transform the data into the standard system. The seasonal transformation coefficients, except for the 2002 season, are reported in Table 2 . The indicated coefficients are those in the following equations (Gronbech, Olsen & Strömgren 1976) .
For the 2002 season the transformation was made by filter instead of by color indices. In this season the relations between the standard and the instrumental values for each filter were the following:
The coefficients are reported in the bottom part of Table 2 . The mean dispersions of the transformation equations are 0.028, 0.016, 0.015, 0.010 mag in u, v, b and y respectively. It was after this that the color indices were calculated. In Fig. 1 the instrumental y magnitude and color transformations are shown. In Fig. 2 the relationships between the instrumental The final uvby − β photometry is available in electronic form from the Centre de Données Astronomiques, Strasbourg, France. The V light curves are shown in Fig. 3 . In the following section a brief description of the light and color curves for each star is given.
NOTES ON INDIVIDUAL STARS
Due to the fact that in most of the seasons the RR Lyrae stars were not the primary target, the sampling of these stars was not homogeneous. For example, AE Boo was observed for four nights in 2001 for a relatively short time on each night, although the phase coverage was almost complete. In the 2005 season, only a couple of points per night were ob- tained for most RR Lyrae stars although the time span of the observations covered seventeen nights. For AE Boo around 180 points in V were gathered.
The other amply observed star was TV Boo which was measured in 2002 (250 data points), in 2004 (5 points) and in 2005 (13 points). According to Wils et al. (2006) TV Boo shows a Blazkho period of 10 d. Given the time span of our observations on this star and the uncertainties in the V magnitude (0.03 mag) we can neither verify nor contradict this assertion. We call attention to the fact that the time of maximum light of this star does not coincide with a phase value of zero implying a secular variation of the period. We did not pursue this possibility.
The last star which was observed in more than one season was RS Boo. The data cover the full cycle and the maximum light coincides with phase zero. Of the remaining stars, ST Boo, TW Boo, UU Boo and XX Boo, all observed in the 2005 season at the rate of a couple of points per night and for seventeen nights, all show a maximum light shifted relative to phase zero at least with the light elements reported in Table 3 . For each of these stars a sample of around thirty-five data points was gathered.
IRON ABUNDANCE ESTIMATION

[Fe/H] from the Fourier light curve decomposition
As a first approach, the V light curves were decomposed in their harmonics and the Fourier coefficients used to estimate the iron abundance via semiempirical calibrations. In order to do that, the light curves were phased with periods and the epochs listed in Table 3 , which were adopted from Kholopov et al. (1985) . Given the ephemerides, the light curves in Fig. 3 were fitted by the equation:
where k corresponds to the k − th harmonic of amplitude A k and displacement φ k .
The Fourier coefficients, defined as:
have been calibrated in terms of physical parameters. The Fourier coefficients corresponding to the solid curve in Fig. 3 and the number of harmonics used to produce the best possible fit, are given in Table 3. The number of significant harmonics depends on the dispersion of the light curve. Only significant harmonics were retained; and their influence on [Fe/H] estimated from the Fourier decomposition will be discussed at the end of this section. For the RRab stars, [Fe/H] was estimated using the calibration of The standard deviation in the above equation is 0.14 dex. In eq. 11, the phase φ (Jurcsik 1995) . The values of [Fe/H] ZW are given in Table 4 .
Before applying eq. 11 to the five RRab stars in our sample, we calculated the compatibility condition parameter D m which, according to and Kovács & Kanbur (1998) , should be smaller that 3.0. The values of D m for the five RRab stars are given in Table 4 . It is worth commenting that the D m parameter calculated for the RRab stars does not seem to correspond to the quality and/or density of the light curve. For instance, from Fig. 3 the curve of RS Boo is clearly the best and that of ST Boo is among the worst, however the corresponding D m values are 4.1 and 1.2 respectively, which is contrary to what would be expected. Thus we decided to relax this criterion a bit and apply the decomposition to the five RRab stars in our sample. We shall discuss the uncertainties in [Fe/H] Zinn & West (1984) and Zinn (1985) which are the weighted average of iron abundances obtained from an assortment of methods, including the ∆S and the Q 39 indices. Therefore the values of [Fe/H] derived from the Fourier approach for both RRab and RRc stars, are not completely independent from the values of [Fe/H] estimated from ∆S, however a discussion of ∆S and [Fe/H] values found in the literature for the stars in our sample is of interest and we present it in the following section.
Perhaps the most relevant source of uncertainty in the physical parameters estimated from the Fourier decomposition approach is the quality and density of the light curve and hence its mathematical representation, alas, the number of harmonics needed to fit the observed data. For the four RRab stars ST Boo, TV Boo, UU Boo and XX Boo, whose light curves are scattered and/or not very dense, the number of significant harmonics 3 or 4 is rather undistinguishable. It can be noted that the values of T eff and M V vary 25-90 K and 0.01-0.07 mag. respectively, while the most striking variation takes place in [Fe/H] Table 5 . ∆S values for ST Boo, TW Boo and XX Boo are found in the paper by Smith (1990) , the average or individual values are given in Table 5 . We note here the discrepant values for TW Boo from Suntzeff et al. (1994) and Smith (1990) despite their corresponding to similar phases of 0.12 and 0.17 respectively. Also two discrepant values for XX Boo but for very different phases are found in Smith (1990) . A value for TV Boo is given by Liu & Janes (1990) as 12.1 which was measured near maximum light. A summary of the ∆S values for our sample stars is given in Table 5 .
While converting ∆S into [Fe/H] is a current practice, one should bear in mind that the determination of ∆S is subject to numerous sources of uncertainty, as have been discussed for example by Butler (1975 ), Smith (1986 and Suntzeff, et al. (1994) , e.g. ∆S estimated during the rising light can differ greatly from that estimated during the declining brightness. The correction to minimum phase is done using empirical curves on the ∆S − SpT (H)-plane with considerable dispersion and personal judgment in their final definition (Smith 1986; , and the weighted mean finally reported value of ∆S is often obtained from a few measurements randomly distributed along the pulsation cycle of the star. Some of the above considerations may explain the large differences in the existing values of ∆S for a given star (see Table 5 ).
Beside the above sources of uncertainty in ∆S, we have to note that the transformation of this observational parameter into [Fe/H] encountered serious problems: the high dispersion abundance determinations in RR Lyrae are old (e.g. Butler 1975 , Butler & Deeming 1979 , Butler et al. 1982 ) while modern Large discrepancies are noted for XX Boo and TV Boo. In the case of XX Boo one may argue that the coverage of the light curve can be considerably improved and hence the Fourier value could be expected to improve. However in the case of TV Boo, whose light curve is well defined and very dense, and whose ∆S values are not scattered, we do not have an explanation handy. Nevertheless, as an overall comparison of approaches to the determination of the iron abundance in RR Lyrae stars, and considering the uncertainties involved in the estimation of the ∆S parameter discussed above and the fact that in the Fourier solution the full shape of the light curve is included, we consider the Fourier decomposition a more solid approach.
The effective temperature T eff
The effective temperature can also be estimated from the Fourier coefficients. For the RRab stars we used the calibrations of 
Eq. 13 has a standard deviation of 0.0018 , but the accuracy of log T eff is mostly set by the color eq. 14. The error estimate on log T eff is 0.003 . Chaboyer (1999) and Cacciari & Clementini (2003) . All these results are consistent with the distance modulus of the LMC of 18.5±0.1 (Freedman et al. 2001; van den Marel et al. 2002; Clementini et al. 2003) . have argued that the prototype RR Lyr has an overluminosity due to evolution of 0.064 ± 0.013 mag relative to HB RR Lyrae stars of similar metallicity. This would have to be taken into account if RR Lyr is used as a calibrator of the constant K in eq. 11. Considering this, Arellano Ferro et al. (2008b) have estimated a new value of K = 0.487.
For the sake of homogeneity and better comparison with previous results on luminosities of RR Lyrae stars (e.g. Arellano Ferro et al. 2008a,b) , in the following we have adopted K = 0.43.
For the RRc stars, the calibration of Kovács (1998) was used;
(17) The standard deviation in the above equation is 0.042 mag. In fact we have propagated the errors, given in Table 3 , in the amplitudes A 1 and A 3 in eq. 16 and in φ 41 in eq. 17 and found that they produce uncertainties in M V ∼ 0.04 mag. Cacciari et al. (2005) have pointed out that in order for the eq. 17 to surrender absolute magnitudes in agreement with the mean magnitude for the RR Lyrae stars in the LMC, V 0 = 19.064 ± 0.064 , the zero point of the above equation should be decreased by 0.2±0.02 mag. After this correction, we found the M V values for the RRc stars AE Boo and TV Boo reported in Table 6 . These values of M V have been converted into log L/L ⊙ (col. 5). The bolometric corrections for the average temperatures of RRab and RRc stars given in column 7 of Table 6 , were estimated from the T eff -BC V from the models of Castelli (1999) as tabulated in Table 4 of Cacciari et al. (2005) .
Reddening
In order to determine distance and detailed variations of the physical parameters along the cycle of pulsation of each star, it is necessary to first estimate the reddening. For field stars however, a proper determination of reddening is complex and no direct method is known to us. In view of this, we have determined the reddening of different objects in the same direction of the sky. We have chosen five δ Scuti stars and the globular cluster NGC 5466 in Bootes and M3 which is very near NGC 5466, as indicators of reddening in that direction of the sky. Despite the large distance to M3 and NGC 5466 (10.4 and 15.9 kpc respectively), E(b − y) ∼ 0.0 as estimated Peña et al. (1999) from the E(B − V ) values listed by Harris (1996) . In the case of the δ Scuti stars we have used the expressions derived by Crawford (1975 Crawford ( , 1979 for Fand A-type stars respectively, with the zero point correction suggested by , to estimate the intrinsic color (b − y) o for stars near the main sequence. Two sources of uvby − β were considered; Rodríguez et al. (1994) and Peña et al. (1999) . These δ Scuti stars, their magnitude-weighted mean colors and E(b−y) are listed in Table 7 . ¿From these results it seems reasonable to conclude that the reddening for the sample RR Lyrae stars in Bootes is negligible and we shall assume a value of zero for all the stars in our sample.
Distances
The implied distances given by the Fourier absolute magnitudes, and the reddenings and bolometric corrections discussed in § 5.1 and 5.2 are listed in column 9 of Table 6 . These distances can be compared with estimations from the parallaxes, for those stars which have parallaxes determined by the new reductions of the Hipparcos data by van Leeuwen (2007) . For the stars RS Boo, ST Boo, TW Boo, AE Boo and TV Boo the parallaxes and their errors are listed in Table 5 . It should be noted that their errors are very large and hence the parallaxes for these stars very uncertain. Except for ST Boo, those numerical values lead to distances much larger than the values derived from the Fourier approach in Table 6 , and if these distances are used to calculate the corresponding absolute magnitude they lead to absurd results.
M V FROM THE STRÖMGREN 1 INDEX
The Strömgren c 1 index is a gravity (hence luminosity) sensitive parameter for late-A to F type stars (Strömgren 1966) , and therefore it is thought to be useful in determining the absolute magnitude M V for RR Lyrae stars if properly calibrated. In fact, in a recent paper have offered such calibration for RR Lyrae stars. These authors have employed the pseudocolour c 0 ≡ (u − v) 0 − (v − b) 0 , the fundamental period P and the metallicity Z for a large number of synthetic RR Lyrae stars to calibrate M y and the colors b − y, v − u and u − v (their eq. 1).
We have fitted the c 1 curves with a curve of the form of eq. 10 to estimate the magnitude-weighted means (c 1 ) given in column 3 of Table 8 . These magnitude-weighted means differ from the intensity weighted means < c 1 > by about 0.01 mag. , which are smaller than the uncertainties for c 1 of our observations as derived from the standard stars (see Table 3 in Peña et al., 2007) . Since E(b − y) = 0. for the sample stars (sec. et al. 1993) . We adopted α = 0.31 as an appropriate value for halo population stars. The predicted values of the absolute magnitude from c 1 , M y (c1), are given in column 4 of Table 8 .
In their equation 5 Cortés & Catelan (2008) have calculated a quadratic calibration of the M y -log Z relationship which can be used to calculate M y (Z) given in column 5 of Table 8 . As argued by M y (c1) refers to the magnitude of an individual star whereas M y (Z) is the absolute magnitude of a star of similar metallicity. Thus ±0.006 ±0.018 1 from C0, Z and P through eq. 1 of . 2 from Z through eq. 5 of . 3 from the Fourier decomposition approach in this work, Table 6 .
we shall compare the Fourier approach results of each star, M V (F ), with their corresponding M y (c1). This comparison is made in column 7. The uncertainties of M y (c1) are the resutl of propagating the uncertainties in < c 1 > throught the equation 1 of . The uncertainties M y (Z) are estimated by propagating the uncertinty in σ [F e/H] = 0.17 dex ( § 4.1). One can see that the dispersion in the calibration of equation 1 in is ≤ 0.01 mag (their Fig. 3 ) and we recall that the uncertainties in M V (F ) is ±0.04 mag ( § 5.1). Therefore the differences in column 7 seem to be a bit on the large side. It should be noted, however, that no systematics can be seen and that if the M y (c1) values are plotted in Fig. 4 Table 6 . It can be seen that with some larger scatter the Bootes stars distribution, given the uncertainties, follow the trend of the globular cluster RR Lyrae. The error bars correspond to the uncertainties in the Fourier calibrations of [Fe/H] ZW and M V , i.e., those of eqs. 11, 12, 16 and 17.
8. DETERMINATION OF PHYSICAL PARAMETERS ALONG THE PULSATIONAL CYCLE Given the simultaneity in the acquisition of the data in the different color indices, once the reddening has been inferred, it is possible to determine the variation of the physical parameters of the star along Fig. 5 the cycle variation of each star on its corresponding grid is illustrated. This allows an estimation of the T eff and log g variation ranges during the pulsation cycle and a comparison with the estimated temperature from the Fourier approach. It is interesting to note that the studied stars have different effective temperatures and surface gravity limits, as well as different ranges which cannot be determined with detail with only the Fourier techniques. These results have been summarized in Table 9 in which we have also included those determined through the empirical calibrations from the Fourier coefficients. As can be seen, both methods give analogous results. In Table 9 the variation ranges in V, T eff and log g are also indicated.
9. CONCLUSIONS ¿From data acquired in several photometric campaigns we have obtained extended uvby − β photometry over a relatively large time span for two stars and data that adequately cover the cycle of pulsation for all of them. The V light curves have been Fourier decomposed and the corresponding Fourier parameters from their harmonics were used to calculate the iron abundance and luminosity of each star. The reddening was estimated by considering different objects in the same direction. The unreddened Strömgren indices c 0 and (b − y) 0 served to determine the variation along the cycle of the effective temperature and surface gravity.
The iron abundance [Fe/H] ZW was calculated first from the Fourier decomposition of the light curve and the calibration proposed by Kovács and co-workers and described with detail in § 4.1. We also utilized the ∆S parameter to estimate the metallicity. In § 4.2 we amply discuss the uncertainties and the limitation of this technique. We conclude that the Fourier decomposition approach gives more reliable results.
Since RR Lyrae stars are distance indicators, the individual estimations of the absolute magnitude for field stars from independent methods is of interest. The absolute magnitude, M V (F ), predicted from Fourier decomposition ( § 5.1), is reported with other two determinations. Once the iron abundance and the reddening were determined, an independent estimate of M V (c 1 ) can be made from the c 1 index and the pseudocolor C 0 . This is described in § 6. Also in that section we calculated M V (Z) from the metallicity alone making use of a theoretical quadratic M V − Z relationship offered by . All these results were compiled in Table 8 . It was pointed out that, although in some individual cases the differences between M V (F ) and for example M V (c 1 ) were larger than the expected from the uncertainties of the methods involved, no systematic trends could be seen and in some cases the agreement is fairly good. The agreement does not seem to be related to the quality or the density of the V light curve, since the disagreement is largest for the two RRc stars which also have the best light curves in our sample. The M V − [Fe/H] relationship for RR Lyrae stars has been amply discussed in the literature. A recent version of it calculated exclusively from the Fourier decomposition approach of RRab and RRc stars in globluar clusters (Arellano Ferro et al. 2008b ) was used to confront our present results for the field stars (Fig 4) . It can be seen that with some larger scatter the distribution of the Bootes stars follow the same trend of the globular cluster RR Lyrae stars and it was noted that if the alternative results for the absolute magnitude, M V (c 1 ) or M V (Z) were used the quality of the comparison would remain.
With M V (F ) and the reddening we have reported the resulting distances for the sample stars (Table  8) . It would be desirable to compare these distances with the derived distances from an independent technique. Unfortunately, those determined from the new reductions of the Hipparcos catalogue (van Leeuwen 2007) have such large errors that the comparison is impossible. 
